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(57) The invention relates to a control apparatus for 
a direct injection engine having an intake valve (6), an 
exhaust valve (7) and a fuel injection valve (8) for inject- 
ing fuel directly into a cylinder of the engine and in which 
fuel injection by the fuel injection valve (8) is performed 
during intake stroke or during compression stroke of the 
engine, has combustion stabilizing device (40) for sta- 
bilizing combustion in the cylinder (1). The combustion 
stabilizing device (40) has next operation mode deter- 
mination device (50) for selecting either an operation 
mode of recovering the combustion stability by fuel in- 
jection during intake stroke or an operation mode of re- 
covering the combustion stability by fuel injection during 
compression stroke when a deteriorated state of com- 
bustion is detected in fuel injection during compression 
stroke. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a control ap- 
paratus for a direct injection engine, and particularly to 
a control apparatus for a direct injection engine to re- 
cover from deterioration of combustion in the compres- 
sion stroke injection mode by a fuel injection valve. 
[0002] For automobiles of the present time, there is a 
growing demand for reduction of exhaust emissions 
such as carbon mono oxide (CO), hydro carbons (HC), 
nitrogen oxides (NOx) contained in automobile emis- 
sions in view of environmental protection. One approach 
for reducing such emissions is a direct injection engine 
(in-cylinder injection type internal combustion engine). 
In the direct injection engine, fuel is injected through a 
fuel injection valve directly into the combustion chamber 
of a cylinder. 

[0003] Fuel injection by the fuel injection valve is gen- 
erally performed during intake stroke or the compres- 
sion stroke of the engine. For example, when a high load 
and a high rotational speed are required, fuel is injected 
during intake stroke to effect homogeneous combustion 
at a stoichiometric mixture thereby stabilizing the com- 
bustion, and at the same time, when a light load and a 
low rotational speed are required, fuel is injected during 
compression stroke to effect stratified combustion at a 
lean mixture thereby improving the fuel consumption 
rate (fuel economy). 

[0004] In a direct injection engine, as described 
above, fuel injection is performed either during intake 
stroke or the compression stroke depending on the op- 
erational demands. However, in the fuel injection during 
compression stroke, there is a problem in that combus- 
tion tends to be deteriorated due to incomplete mixing 
of air and fuel. To solve this problem, a direct injection 
engine technique having means for recovering combus- 
tion stability has been proposed (see JP-A-9-3031 89 for 
example). 

[0005] The proposed technique has combustion qual- 
ity recovery means, which switches the operational 
mode from fuel injection during compression stroke to 
fuel injection during intake stroke immediately after de- 
terioration of combustion is detected during fuel injec- 
tion of the compression stroke. 

[0006] The above described combustion quality re- 
covery means has a function to recover the combustion 
stability by changing the control parameters such air- 
fuel ratio, fuel injection timing, and injection timing when 
deterioration of combustion is detected during fuel in- 
jection of the compression stroke. Moreover, the com- 
bustion quality recovery means has also a function to 
perform fuel injection forcibly, so to speak, during intake 
stroke regardless of the detection of deterioration of 
combustion, thereby preventing the deterioration of 
combustion due to the deposits produced by the fuel in- 
jection during compression stroke when fuel injection 



during compression stroke has continued for a prede- 
termined time period. 

[0007] On one hand, fuel injection during compres- 
sion stroke of the engine facilitate the stratification of air 
5 and fuel in the cylinder making it possible to burn the 
fuel concentrated around the spark plug. This will enable 
an operation at lean air-fuel ratio as the whole combus- 
tion chamber, and therefore would be advantageous in 
improving the fuel economy. 
10 [0008] However, in the above described prior art, 
since the operation mode is immediately switched to fuel 
injection during intake stroke by terminating the fuel in- 
jection during compression stroke when deterioration of 
combustion is detected during fuel injection of the corn- 
's pression stroke, or fuel injection of the intake stroke is 
forcibly performed when fuel injection during compres- 
sion stroke has continued longer than a preset time, 
there will be few drawbacks in view of combustion sta- 
bility, but inconveniences would result in view of fuel 
20 consumption rate. Moreover, since switching to fuel in- 
jection during intake stroke as described above will 
cause a torque step at the moment of the switching, a 
problem arises in that the driver of the vehicle will per- 
ceive an unintended torque change as an uncomforta- 
25 ble feel or as a degraded drive feel. 

[0009] Moreover, although the above described com- 
bustion quality recovery means according to the prior 
art discloses the points of switching to fuel injection dur- 
ing intake stroke and of changing the control parameters 
30 during fuel injection of the compression stroke, these 
points are described separately and independently, and 
there is no disclosure on the selection of these points 
and the priority in selecting either of them. In this prior 
art, there will be a problem, for example, of the buildup 
35 of deposits produced around the injection opening of the 
fuel injection valve. The deposits in early stages when 
the spray pattern of fuel starts changing can be removed 
by burning the deposits by fuel injection during intake 
stroke. However, when the amount of the deposits in- 
40 creases in later stages, they may not be thoroughly re- 
moved. It is considered that this phenomena will fre- 
quently occur as a factor of deterioration of combustion , 
and that when switching to fuel injection is performed 
during intake stroke, or control parameters are changed 
45 in fuel injection during compression stroke independent- 
ly without a proper selection , the above described stage 
of deposit buildup will not be taken into account, and 
therefore deterioration of combustion due to the buildup 
of deposits will not be properly addressed. 
50 [0010] Moreover, in the above described prior art, no 
consideration is given to the point that combustion sta- 
bility may be enhanced by improving the mixing method 
of air and fuel which will affect the combustion stability. 
[0011] In a direct injection engine in which fuel injec- 
55 tion is performed during intake stroke or the compres- 
sion stroke of the engine, when the spray pattern of the 
fuel injection valve changes due to aged deterioration, 
that will give an impact on the combustion stability in the 
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case of fuel injection during compression stroke. There- 
fore, one approach to this problem would be switching 
to fuel injection during intake stroke to recover the com- 
bustion stability thereby preventing deterioration of 
combustion. However, such switching of fuel injection 
will cause a torque step giving a shock to the driver thus 
degrading the driving feel. 

[0012] The present invention has been achieved in 
view of the above described problems, and its object is 
to provide a control apparatus for a direct injection en- 
gine, wherein deterioration of combustion due to fuel in- 
jection during compression stroke of the engine will be 
prevented thereby enhancing the driving feel, and/orfu- 
el consumption rate will be improved by expanding the 
driving range by fuel injection during compression 
stroke. 

SUMMARY OF THE INVENTION 

[0013] To attain the above described object, the 
present invention provides a control apparatus for a di- 
rect injection engine, in which a fuel injection valve for 
injecting fuel directly into the cylinder is provided, and 
fuel injection by the fuel injection valve is performed at 
least during intake stroke or during compression stroke 
of the engine, characterized in that the control apparatus 
comprises combustion stabilizing means for stabilizing 
combustion in the cylinder. The combustion stabilizing 
means can comprise next operation mode determina- 
tion means for enabling the selection of the operation 
mode for recovering combustion stability either by fuel 
injection during intake stroke or by fuel injection during 
compression stoke when a deteriorated state of com- 
bustion is detected during fuel injection of the compres- 
sion stroke. 

[0014] In the control apparatus for a direct injection 
engine configured as describe above according to the 
present invention, the next operation mode determina- 
tion means of the combustion stabilizing means can in- 
clude an operation modefor recovering combustion sta- 
bility by fuel injection during intake stroke, and/or an op- 
erating mode for recovering combustion stability by fuel 
injection during compression stroke. Furthermore, when 
a deteriorated state of combustion is detected during fu- 
el injection of the compression stroke, either of the op- 
eration mode by the intake stroke injection or by the 
compression stroke injection can be selected. Therefore 
it is possible to decrease the operation mode by the in- 
take stroke injection and expand the operation range by 
fuel injection during compression stroke further than the 
conventional approaches. Owing to the above de- 
scribed configuration, switching to fuel injection during 
intake stroke can be performed in response to various 
demands such as acceleration demand and decelera- 
tion demand from the driver or an automatic car-to-car 
distance control system, thus making it possible to ad- 
dress both problems: combustion deterioration due to 
deposits and degradation of driving feel due to a torque 



shock. 

[0015] The combustion stabilizing means can com- 
prise intake stroke injection continuation means for con- 
tinuing fuel injection during intake stroke for a predeter- 
5 mined time period when recovering the combustion sta- 
bility by fuel injection during intake stroke. 
Alternately, the above described combustion stabilizing 
means can comprise control parameter change means 
for changing the control parameters relating to the com- 
10 bustion when recovering combustion stability by fuel in- 
jection during compression stroke. The control param- 
eters comprises at least one of a fuel pressure, an 
amount of emission gas recirculation, an opening de- 
gree of an airflow generation valve, an amount of valve- 
's overlap of the intake and exhaust valves, and/or the 
number of fuel injection. 

[0016] The next operation mode determination 
means selects the operation mode for recovering com- 
bustion stability by fuel injection during intake stroke in 

20 response to the number of detection of deteriorated 
combustion state during fuel injection of the compres- 
sion stroke or the operational demands of the engine. 
[0017] Alternatively, the next operation mode deter- 
mination means inhibits the switching to the operation 

25 mode for recovering combustion stability by fuel injec- 
tion during compression stroke when recovering com- 
bustion stability by fuel injection during intake stroke, 
and can select the operation mode for recovering com- 
bustion stability by fuel injection during compression 

30 stroke when continuation of the operation mode of re- 
covering combustion stability by fuel injection during in- 
take stroke has been performed a predetermined 
number of times. 

[0018] The combustion stabilizing means can com- 
35 prise control parameter changing means for changing 
the control parameters relating to combustion when re- 
covering combustion stability by fuel injection during 
compression stroke. The control parameter includes at 
least one of fuel injection timing of the fuel injection 
40 valve, an amount of target injection, and/or the ignition 
timing. 

[0019] The control parameters of fuel injection timing 
and the ignition timing are alternately changed. 
[0020] The control parameters of fuel injection timing 

45 and the ignition timing are changed by either being ad- 
vanced or retarded so that the fuel injection timing and 
the ignition timing respectively provide substantially 
equal amounts of crankshaft angle change with respect 
to a reference crankshaft angle at which the fuel injec- 

50 tion timing and the ignition timing are on the same crank 
angle. 

[0021] The combustion stabilizing means also can 
comprise control parameter resetting means, which 
when a deteriorated state of combustion during fuel in- 
55 jection of the compression stroke is improved, resets the 
control parameters to the values at the time of the im- 
provement, and stores the reset values until next dete- 
riorated state of combustion during fuel injection on the 
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following compression stroke is detected. 
[0022] The combustion stabilizing means can com- 
prise rotational fluctuation determination means for de- 
termining the combustion state on the basis of the fluc- 
tuation of rotation of the engine. 5 
[0023] The control apparatus has the operational re- 
gion of fuel injection during compression stroke as a 
'control map of the rotational speed and the load of the 
engine, or as a control map based on the rotational 
speed of the engine and the water temperature. When 10 
fluctuation of rotation of the engine exceeds a predeter- 
mined threshold, the combustion stabilizing means can 
change those sections of the control map having ex- 
ceeded the threshold from the operational region of fuel 
injectian during compression stroke to the operational 15 
region of fuel injection during intake stroke. 
[0024] The engine can be equipped with a super- 
charger and the combustion stabilizing means can limit 
supercharge pressure of the supercharger below a pre- 
determined value or lower the supercharge pressure of 20 
the supercharger when the fluctuation of rotation of the 
engine exceeds a predetermined threshold. 
[0025] The engine can comprise a inner EGR mech- 
anism for introducing the combustion gas into the cylin- 
der by increasing or decreasing an amount of valve 25 
overlap of the intake/exhaust valves, and/or an outer 
EGR mechanism for introducing combusted gas into an 
intake port from other pipe path. The combustion stabi- 
lizing means can reduce an amount of the outer EGR 
and/or increase an amount of the inner EGR when the 30 
fluctuation of rotation of the engine exceeds a predeter- 
mined threshold. 

[0026] When the engine is combined with an automat- 
ic transmission, the combustion stabilizing means com- 
prises transmission cooperative control means which 35 
disengages lock-up of the automatic transmission when 
the fluctuation of rotation of the engine exceeds a pre- 
determined threshold, and reactivate the lock-up when 
the fluctuation of rotation of the engine becomes lower 
than the predetermined threshold in a substantially 40 
same range of the rotational speed at the time of disen- 
gagement of the lock-up after the disengagement of the 
lock-up. 

[0027] Other objects, features and advantages of the 
invention will become apparent from the following de- 45 
scription of the embodiments of the invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0028] 

Fig. 1 is a schematic view of a turbo-charged direct 
injection engine equipped with a control apparatus 
for a direct injection engine according to the present 55 
invention, and its automatic transmission; 
Fig. 2 is a schematic view of a variable valve train 
mechanism and an airflow generation mechanism 



of the engine shown in Fig. 1 ; 
Fig. 3 is a control block diagram of the combustion 
stabilizing means within the control apparatus of the 
engine shown in Fig. 1 ; 

Fig. 4 is a flow chart to show the operation of the 
combustion stabilizing means of Fig. 3; 
Fig. 5 is a control map based on the rotational speed 
and the load of an engine relating to the description 
of the combustion stabilizing control by the intake 
stroke injection mode of the combustion stabilizing 
means of Fig. 3; 

Fig. 6 is a control map based on the rotational speed 
and the load of the engine after the change shown 
in Fig. 5; 

Fig. 7 is a control map based on the rotational speed 
and the water temperature of the engine of Fig. 5; 
Fig. 8 is a control map based on the rotational speed 
and the water temperature of the engine after the 
change shown in Fig. 7; 

Fig. 9 is a view showing aging of a stable combus- 
tion area with respect to the fuel injection timing and 
the ignition timing relating to the description of the 
combustion stabilizing control by the compression 
stroke injection mode of the combustion stabilizing 
means in Fig. 3; 

Fig. 10 is a view showing a searching method of 
stable combustion areas provided in a fuel injection 
timing control means and an ignition timing control 
means of Fig. 9; 

Fig. 1 1 is a IT/ADV control map provided in the fuel 
injection timing control means and the ignition tim- 
ing control means of Fig. 9; 
Fig. 12 is a view showing fuel spray ranges by dif- 
ferent fuel pressures relating to the description of 
the combustion stabilizing control by the compres- 
sion stroke injection mode of the combustion stabi- 
lizing means of Fig. 3; 

Fig. 13 is a view showing a fuel pressure control 
method according to the fuel pressure control 
means of Fig. 12; 

Fig. 1 4 is a schematic view showing a spray condi- 
tion near the top dead center in the case of a single 
injection relating to the description of the combus- 
tion stabilizing control by the compression stroke in- 
jection mode of the combustion stabilizing means 
of Fig. 3; 

Fig. 1 5 is a schematic view showing the spray con- 
dition at the moment of ignition in the case of single 
injection shown in Fig. 14; 

Fig. 1 6 is a schematic view showing the spray con- 
dition near the top dead center in the case of 2 in- 
jections by a split injection means of Fig. 14; 
Fig. 1 7 is a schematic view showing the spray con- 
dition at moment of ignition in the case of 2 injec- 
tions by the split injection means of Fig. 14; 
Fig. 1 8 is an explanatory view showing the recovery 
of combustion stability performed in combination by 
the fuel injection timing control means, the ignition 
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timing control means, and the split injection control 
means relating to the description of the combustion 
stabilizing control by the compression stroke injec- 
tion mode of the combustion stabilizing means of 
Fig. 3; 

Fig. 19 is a schematic view showing the intake 
stroke by means of the airflow control means relat- 
ing to the description of the combustion stabilizing 
control by the compression stroke injection mode of 
the combustion stabilizing control means of Fig. 3; 
Fig. 20 is a schematic view showing the compres- 
sion stroke according to the airflow control means 
of Fig. 19; 

Fig. 21 is a schematic view showing the exhaust 
stroke according to the EGR control means relating 
to the description of the combustion stabilizing con- 
trol by the compression stroke injection mode of the 
combustion stabilizing control means of Fig. 3; 
Fig. 22 is a schematic view showing the compres- 
sion stroke by the EGR control means and the var- 
iable valve train control means of Fig. 21 ; 
Fig. 23 is a schematic view showing the intake 
stroke by the EGR control means and the variable 
valve train control means of Fig. 21 ; 
Fig. 24 is a schematic view showing a state just be- 
fore ignition by the EGR control means and the var- 
iable valve train control means in Fig. 21 ; 
Fig. 25 is a valve timing chart by the variable valve 
train control of Fig. 21 ; 

Fig. 26 is a block diagram showing communication 
links of the ECU and the ATCU in the combustion 
stabilizing control by the combustion stabilizing 
means of Fig. 3; and 

Fig. 27 is an operational flow chart of the transmis- 
sion cooperative control means of Fig. 26. 

DESCRIPTION OF THE INVENTION 

[0029] The embodiments of the present invention will 
be described referring to the drawings. 
[0030] Fig. 1 and Fig. 2 show a turbo-charged direct 
injection engine equipped with a control apparatus for a 
direct injection engine according to the present inven- 
tion. Fig. 1 is a schematic view of the engine and an 
automatic transmission, and Fig. 2 is a schematic view 
of a variable valve train mechanism and an airflow gen- 
eration mechanism of the engine. 
[0031] First, an overall configuration of the engine will 
be described referring to Fig. 1 . 

[0032] The engine is a direct injection engine with a 
turbocharger, and a body of the engine comprises a cyl- 
inder head and a cylinder block. The cylinder block is 
provided with a plurality of cylinders 1 having a combus- 
tion chamber 3 formed by a piston 2 inserted into the 
cylinder block. 

[0033] The combustion chamber 3 is connected with 
an intake port 4 and an exhaust port 5 via an intake valve 
6 and an exhaust valve 7. The intake port 4 is connected 



to an intake pipe 26, and there are arranged on the in- 
take pipe 26 with, in positional order from upstream, an 
air cleaner 22, an airflow sensor 23, a compressor for 
turbocharger 24, and a motor-driven electronically con- 
5 trolled throttle body 25. A throttle valve 25a of the elec- 
tronically controlled throttle body 25 is provided with a 
throttle sensor 27 for detecting opening degree of the 
throttle valve, and the intake pipe 26 is provided with a 
pressure sensor 28 for measuring the pressure in an in- 
take air passage. 

[0034] Also, the cylinder 1 is provided with a fuel in- 
jection valve 8 at a suitable position to inject fuel directly 
into the combustion chamber 3, and the fuel injection 
valve 8 is connected in its upstream with a fuel distribu- 
tion pipe 1 0, a fuel pressure sensor 1 1 , a high-pressure 
pump 1 2 for pumping the fuel at a high pressure, a low- 
pressure pump 13, and a fuel tank 1 4 respectively so as 
to inject fuel even in a high pressure state of the com- 
bustion chamber 3. 

[0035] The high-pressure pump 1 2 is driven by a cam 
15 operationally associated with a cams haft (not shown) 
of the engine to raise the fuel pressure, and the fuel with 
its pressure controlled to a predetermined fuel pressure 
by a high-pressure regulator 16 is supplied to the fuel 
distribution pipe 10. Also residual fuel, which is not con- 
sumed in the engine, is decompressed through a low- 
pressure regulator 17 and returned to the fuel tank 14. 
[0036] The low-pressure pump 13 is driven by a low- 
pressure pump relay 18 from the moment when an en- 
gine key is set on for starting, and starts pressurizing 
fuel to be delivered to the high-pressure pump 12 in 
preparation for subsequent fuel injection. 
[0037] A crankcase of the engine is provided with a 
rotational speed sensor 20 at a suitable position for de- 
tecting fluctuation of rotation of a ring gear 1 9 which ro- 
tates in synchronous with a crankshaft of the engine. 
Also a water temperature sensor 21 for determining a 
warming-up condition of the engine is provided at a suit- 
able position in a water passage of the cylinder block. 
[0038] The exhaust port 5 is connected to an exhaust 
manifold 29, and the exhaust manifold 29 is connected 
with an exhaust pipe 31 through a turbine 30 of the tur- 
bocharger. Specifically, the exhaust manifold 29 is con- 
nected to the exhaust pipe 31 by a bypass valve 32 by- 
passing the turbine 30 of the turbocharger so that an 
opening area of the bypass passage is varied by a rotary 
valve driven by a motor. In the downstream area of the 
exhaust pipe 31 , a catalytic converter 33 and a silencer 

34 are disposed. As shown in Fig. 2, the exhaust pipe 
31 may be provided with an exhausttemperature sensor 

35 at a suitable position between the bypass valve 32 
and the catalytic converter 33. 

[0039] The output signals from the various sensors 
such as the fuel pressure sensor 1 1 , the rotational speed 
sensor 20, the water temperature sensor 21 , the pres- 
sure sensor 28, and others are inputted to a control unit 
(ECU) 36. The ECU 36 determines whether or not a 
compression stroke injection mode is possible. Then, 
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when the compression stroke injection mode is possi- 
ble, the ECU 36 performs various programs pro- 
grammed therein such as a fuel injection program, a 
fluctuation of rotation detection program, and a split in- 
jection control program to output drive signals to various 
actuators such as the fuel injection valve 8, a spark plug 
9, the high-pressure regulator 1 6, the throttle valve 25a, 
the bypass valve 32, a variable driving part 45for the 
intake valve, and a variable driving part 47for the ex- 
haust valve. The engine has a passage for exhaust gas 
recirculation (the outer EGR) ; of which configuration will 
be described later. 

[0040] An automatic transmission control unit (ATCU) 
37 performs a shift-up/down control, a lock-up control 
to directly engage a flywheel in the engine and a torque 
converter of the ATM 48, and the like for an automatic 
transmission (ATM) 48. 

[0041] The ECU 36 and the ATCU 37 are intercon- 
nected by a communication line, and perform an opti- 
mum transmission control in response to condition of the 
engine and the automatic transmission. 
[0042] Referring to Fig. 2, a tumble control valve 
(TCV) 41 which constitutes part of the airflow generation 
mechanism opens and closes a first step (a lower part 
of the division shown in Fig. 2) of a partition 43 dividing 
the intake port 4 into two parts, and the valve angle 
thereof is controlled based on an output signal from an 
airflow control means 53e which is provided in the com- 
bustion stability means 40 of the ECU 36 as will be de- 
scribed later. And the airflow control means 53e shown 
in Fig. 3 variably controls opening degree of the TCV 41 
by driving a driving part 42 for the TCV with a motor or 
a diaphragm actuator to control strength of an air flow 
generated in the cylinder 1 , that is, principally a tumble 
flow. 

[0043] Next, an intake cam and an exhaust cam which 
constitute part of the variable valve train mechanism are 
rotated by an intake camshaft 44 and an exhaust cam- 
shaft 46 to variably control opening operation of the in- 
take valve 6 and the exhaust valve 7. As will be de- 
scribed later, a variable valve train control means 53f 
provided in the combustion stabilizing means 40 of the 
ECU 36 drives the variable drive part 45 for the intake 
valve and the variable drive part 47 for the exhaust valve 
to control opening/closing timing of the valves thereby 
controlling airflow from the intake port 4 to the exhaust 
port 5. The variable drive parts 45, 47 will not be de- 
scribed in detail, but they are equipped with valvetiming 
changing mechanisms such as a camshaft twisting, a 
cam head switching so that an operation angles of the 
cams can be changed. 

[0044] The combustion stabilizing means 40 limits the 
super charge pressure of the supercharger to prevent 
deterioration of combustion by enhancing vaporization 
of the fuel spray in a pressurized cylinder, which will be 
describe later. 

[0045] Referring to Fig. 3, the combustion stabilizing 
means 40 changes the control parameters relating to 



combustion or continues the intake stroke injection 
mode to stabilize combustion in the cylinder 1 when re- 
covering combustion stability by fuel injection during 
compression stroke. It comprises rotational fluctuation 

5 determination means 49, next operation mode determi- 
nation means 50, fuel injection control means 51 , con- 
tinuation time calculation means 52 which is an aspect 
of an intake stroke injection continuation means, param- 
eter trial operation means 53 which is an aspect of a 

10 control parameter change means, transmission cooper- 
ative control means 79, operation mode history storage 
means 54, parameter value reset means 55, and mon- 
itor operation means 56. 

[0046] The rotational fluctuation determination means 
15 49 is configured to acquire angular speed variation of 
the ring gear 1 9 detected by the rotational speed sensor 
20 into the ECU 36 for calculation, and compares the 
result with a predetermined threshold of the fluctuation 
of rotation. It determines a combustion state based on 
20 the fluctuation of rotation and outputs the result to the 
next operation mode determination means 50. 
[0047] When the rotational fluctuation determination 
means 49 determines that the threshold is surpassed in 
the fuel injection during compression stroke, that means 
25 detection of a deteriorated combustion state during fuel 
injection of the compression stroke. Therefore, the next 
operation mode determination means 50 selects at least 
either of the two modes: an operation mode for recov- 
ering combustion stability by changing the current and 
30 following injection mode to the intake stroke injection 
mode, or an operation mode for recovering combustion 
stability by changing the control parameters relating to 
combustion while continuing the compression stroke fu- 
el injection mode, on the basis of the operation history 
35 of the injection mode theretofore. By this arrangement, 
it becomes possible to first perform, for example, the in- 
take stroke injection mode, which is effective in quickly 
recovering from an early stage of deterioration of com- 
bustion, for predetermined number of times, and when 
40 combustion stability is not recovered yet, next perform 
the changing of control parameters in the compression 
stroke injection mode. Thus, it is made possible to rap- 
idly cope with deterioration of combustion caused by 
various factors and, at the same time, reduce the 
45 number of switching of the injection mode and the fre- 
quency of repeating trial operations to change the con- 
trol parameters in view of the overall recovering process 
thereby preventing the degradation of fuel economy. 
[0048] The fuel injection control means 51 and the 
50 continuation time calculation means 52 are configured 
to perform recovery from deteriorated combustion due 
to the deposits, etc. in the intake stroke injection mode, 
and prohibit switching of the operation mode to the one 
which performs recovery of combustion stability by the 
55 fuel injection during compression stroke and continue 
the operation mode which performs recovery of com- 
bustion stability by fuel injection during intake stroke on 
the basis of the instruction by the next operation mode 
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determination means 50. And, the results are outputted 
to the operation mode history storage means 54. For 
example, since an amount of the deposits is small in an 
early stage of deterioration of combustion, it is possible 
to switch to the intake stroke injection mode on the basis 
of the output signal of the rotational fluctuation determi- 
nation means 49 to raise the combustion temperature 
thereby burning the deposits to rapidly recover the com- 
bustion stability. Thus it is possible to recover combus- 
tion stability without changing the set control parameters 
in an early stage of deterioration of combustion. 
[0049] As another factor which contributes to com- 
bustion deterioration in the compression stroke injection 
mode, it is also considered that the spark plug 9 is 
smoke-covered which is resulted when the fuel spray 
injected by the fuel injection valve 8 reaches the spark 
plug 9 in a liquid droplet state without being sufficiently 
vaporized. Even in such a case, the combustion stabi- 
lizing means 40 of the present invention can recover 
combustion stability by continuing the intake stroke in- 
jection mode for a predetermined time period. 
[0050] The parametertrial operation means 53 is con- 
figured to recover combustion stability in the compres- 
sion stroke injection mode. In case where deterioration 
of combustion occurs successively, the means 53 
changes the control parameters in trial in the compres- 
sion stroke injection mode on the basis of the instruction 
by the next operation mode determination means 50 to 
prevent combustion deterioration from occurring suc- 
cessively thereafter as described later. 
[0051] One of the factors causing combustion deteri- 
oration is considered to be the formation of deposits, as 
described above, which build up around an injection 
nozzle of the fuel injection valve or an injection opening 
in the combustion chamber. In such state that the de- 
posits have built up, penetration capability of the fuel 
spray is degraded, or injection direction of the spray is 
shifted thereby changing the spray pattern. As a result, 
arrival time of the fuel spray to the spark plug 9 is varied, 
and the fuel spray timing and the ignition timing to 
achieve optimal combustion would change with respect 
to initial set values. It is known that the deposits can be 
removed by the operation in the intake stroke injection 
mode in which the combustion temperature is relatively 
high, but when the buildup grows further, it may not be 
thoroughly removed. Therefore, the parametertrial op- 
eration means 53 changes each control parameter such 
as the fuel injection timing and the ignition timing in the 
compression stroke injection mode when combustion 
deterioration has been detected consecutively. 
[0052] More specifically, the parametertrial operation 
means 53 consists of fuel injection timing control means 
53a, ignition timing control means 53b, fuel pressure 
control means 53c, split injection control means 53d, air- 
flow control means 53e, variable valve control means 
53f , EGR control means 53g, and supercharge pressure 
control means 53h. The means 53 performs changing 
of at least one control parameter of fuel injection timing, 



ignition timing, fuel pressure, number of fuel injection, 
opening degree of the airflow generation valve, valve 
overlap amount of the intake/exhaust valves, amount of 
exhaust gas recirculation, and target injection amount. 
5 For example, the airflow control means 53e achieves an 
optimum airflow singly or in combination with the varia- 
ble valve control means 53f in response to the engine 
operating condition. The content of this change is output 
to the operation mode history storage means 54. 
10 [0053] In case where combustion deterioration is de- 
tected in the compression stroke injection mode, the 
transmission cooperative control means 79 is config- 
ured to instruct the ATCU 37 to limit the lock-up control 
as far as an area of engine rotational speeds in which 
15 combustion deterioration has been detected. Even 
when combustion deterioration occurs, the ECU 36 and 
ATCU 37 cooperatively control to mitigate a surge 
torque to restrict the degradation of drivability. The re- 
sults are output to the operation mode history storage 
20 means 54. 

[0054] The operation mode history storage means 54 
stores the number of executions of the operation mode 
for recovering combustion stability through the intake 
stroke fuel injection, and the change history of the con- 
25 trol parameters which relates to the operation mode for 
recovering combustion stability through the compres- 
sion stroke fuel injection to output them to the parameter 
reset means 55 and the monitor operation means 56. If 
combustion stability is not recovered even when contin- 
30 uation of the fuel injection during intake stroke has been 
performed more than a predetermined number of times, 
since the next operation mode determination means 50 
permits switching to the operation mode for recovering 
combustion stability through the compression stroke fu- 
35 el injection, a control routine for recovering the combus- 
tion stability will be configured in cooperation with the 
next operation mode determination means 50 without 
repeating surplus change of the control parameters in 
the compression stroke injection mode. 
40 [0055] When a deteriorated state of combustion dur- 
ing compression stroke fuel injection is improved, the 
parameter value reset means 55 resets the control pa- 
rameters to the values at the moment of the improve- 
ment, and stores the reset values until combustion de- 
45 terioration during next fuel injection of the compression 
stroke is detected. By this arrangement, changes of the 
control parameters will not be repeatedly tried from the 
initially set values to the state of stabilized combustion, 
and upon entering the next compression stroke injection 
50 mode, immediately, operation can be performed with the 
control parameters which enable stable combustion. 
The results are output to the rotational fluctuation deter- 
mination means 49. 

[0056] The monitor operation means 56 instructs a 
55 monitor device 39 for check lamps of an automatic en- 
gine diagnostic apparatus, the instrument panel and the 
like to display the items which need maintenance or alert 
the driver for checking. 
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[0057] By the above described configuration . the 
combustion stabilizing mean 40 can control the fuel in- 
jection and the air flow to perform stable operation of the 
compression stroke injection mode. 
[0058] Fig. 4 is an operational flow chart of the com- 
bustion stabilizing means 40. 

[0059] In step 1 , the signal from the rotational speed 
sensor 20 is taken into. In step 2, engine load is taken 
into. In step 3, signals of other various sensors needed 
for engine control are taken into. 
Then, in step 4, a determination of operation area is 
made as to which operational mode is possible: the in- 
take stroke injection mode by homogeneous combus- 
tion or the compression stroke injection mode by strati- 
fied combustion based on the various sensor signals. 
[0060] In step 5, a determination is made as to wheth- 
er or not the current mode is the compression stroke 
injection mode, and when it is determined to be the com- 
pression stroke injection mode, namely, 'YES 1 , the proc- 
ess proceeds to step 6 and level of the fluctuation of 
rotational speed is calculated thereafter proceeding to 
step 7. On the other hand, when it is determined not to 
be the compression stroke injection mode in step 5, the 
process proceeds to step 20, in which it is determined 
thatthecurrentmodeisthe intake stroke injection mode, 
and thereafter the process exits the routine. 
[0061] In step 7, it is determined whether or not com- 
bustion is deteriorated based on whether or not value of 
the rotational speed fluctuation level calculated by the 
rotational fluctuation determination means 49 has sur- 
passed a predetermined threshold. When it is deter- 
mined that combustion is deteriorated, or 'YES', the 
process proceeds to step 8 and when it is determined 
that combustion is not deteriorated, the process exits 
this routine. 

[0062] In step 8, combustion stability control by the 
intake stroke injection mode is permitted by the next op- 
eration mode determination means 50 and the process 
proceeds to step 9. This is because the deposits are like- 
ly to be removed by the intake stroke injection mode 
when combustion deterioration is first detected, and be- 
cause the combustion stabilizing control by the intake 
stroke injection mode can be performed when the effect 
of a torque shock during switching from the compression 
stroke injection mode to the intake stroke injection mode 
can be neglected as in the case in which the driver has 
depressed the acceleration pedal demanding an accel- 
eration. 

[0063] In step 9. switching timing to the intake stroke 
injection mode is determined and in step 10, operation 
by the intake stroke injection mode is performed with the 
fuel injection control means 51 and the continuation time 
calculation means 52. In step 1 1 , the target time of the 
intake stroke injection mode is calculated. When the tar- 
get continuation time has elapsed in step 12, the proc- 
ess proceeds to step 13. In step 13, combustion stabi- 
lizing control by the intake stroke injection mode is ter- 
minated and the combustion stabilizing control counter 



is increased by one as the number of executions of the 
intake stroke injection mode for recovering combustion 
stability. The process proceeds to step 14. 
[0064] In step 14, a determination is made as to 

5 whether or not the combustion stabilizing control coun- 
ter is not smaller than three, namely, whether or not the 
intake stroke injection mode for recovering combustion 
stability has been performed two times, and when the 
control counter is not less than three, namely, when 

10 'YES,' the process proceeds to Step 15. Otherwise 
when the control counter is less than three, the process 
goes back to the determination of operation area in step 
4. 

[0065] In Step 15, since the recovery of combustion 
15 stability in the intake stroke injection mode is not suffi- 
cient, the combustion stabilizing control by the intake 
stroke injection mode is permitted by the next operation 
mode determination means 50, and the process pro- 
ceeds to step 1 6 by changing each control parameterto 
20 recover combustion stability by the compression stroke 
injection mode and thereafter proceeds to step 1 7 after 
calculating the fluctuation level of rotation. 
[0066] In step 17, whether or not combustion after 
changing the control parameters has been deteriorated 
25 is determined by the rotational fluctuation determination 
means 49 based on whether or not the calculated fluc- 
tuation level of rotation exceeds a predetermined 
threshold. When combustion has been deteriorated, 
namely, when 'YES,' the process proceeds to step 21 , 
30 and otherwise when combustion has not been deterio- 
rated, proceeds to step 18. 

[0067] In step 18, since combustion stability has been 
recovered, the control parameters after change are writ- 
ten by the parameter value reset means 55 to the stor- 
es age device in the ECU 36 as the control values to store 
them by learning. Subsequent operations in the com- 
pression stroke injection mode are performed on the ba- 
sis of these reset control parameters. In step 19, the 
control counter of combustion stabilizing by the intake 
40 stroke injection mode in step 14 is reset to terminate a 
series of operations of combustion stabilization. 
[0068] In step 21 , on the other hand, the contents of 
the control parameter changed are stored by the oper- 
ation mode history storage means 54, and the process 
45 proceeds to step 22 to make the monitor operation 
means 56 display the stored content on the monitor of 
the self-diagnostic apparatus. It is also possible to alert 
the driver by turning on the indicator lamp on the instru- 
ment panel. 

50 [0069] Next, the combustion stabilizing control by the 
intake stroke injection mode will be described referring 
to Figs. 5 to 8. 

[0070] First, Fig. 5 shows a control map for the oper- 
ation mode provided in the ECU 36, wherein the abscis- 
55 sa axis (engine rotational speed) and the ordinate axis 
(engine load) are respectively divided into a plurality of 
sections at predetermined value ranges. These divided 
sections will be referred to map areas for the sake of 
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convenience. Each map area is designated eitherforthe 
intake stroke injection mode or the compression stroke 
injection mode depending on the engine rotational 
speed and load. 

[0071] For example, in a map area N4T3 of the com- 
pression stroke injection mode, when combustion is de- 
teriorated during operation and the fluctuation level of 
rotation exceeds the threshold, first the combustion sta- 
bilizing control by the intake stroke injection mode is per- 
mitted as described above. Next, to recover combustion 
stability, switching from the area N4T3 in which combus- 
tion has been deteriorated toward a direction in which 
the intake stroke injection mode is set. That is, in Fig. 5, 
a map area with higher load is changed from the com- 
pression stroke injection mode to the intake stroke in- 
jection mode. 

[0072] That is, as shown in the compression stroke 
injection mode region after combustion stabilization 
control in Fig. 6, the fuel injection control means 51 and 
the continuation time calculation means 52 of the com- 
bustion stabilizing means 40 change areas, in which the 
threshold value is exceeded, from the operation region 
of the compression stroke injection mode into the oper- 
ation region of the intake stroke injection mode to switch 
the injection mode. In this way, by switching the opera- 
tion mode to the intake stroke injection mode for only 
the map areas where combustion has been deteriorat- 
ed, it is possible to improve fuel economy compared to 
the case of switching the injection mode for all the areas. 
Although the switching extent of the map areas is de- 
fined from the map area where combustion has been 
deteriorated toward the direction in which the intake 
stroke injection mode is set, it is also possible to switch 
the injection mode to the intake stroke injection mode 
for all the map areas which exist in the same engine ro- 
tational speed range, that is, map areas with engine ro- 
tational speed N4 including areas N4T1 and N4T2 in 
Fig. 6. 

[0073] Fig. 7 also shows a control map of operation 
mode provided in the ECU 36 in which the abscissa axis 
(engine rotational speed) and the ordinate axis (engine 
load) are respectively divided into a plurality of sections 
at predetermined value ranges. 
[0074] Each map area is determined to the intake 
stroke injection mode or the compression stroke injec- 
tion mode on the basis of the engine coolant tempera- 
ture and the engine rotational speed. For example, 
when the fluctuation of rotational speed exceeds a 
threshold during operation due to deteriorated combus- 
tion in the map area N4W3 of the compression stroke 
injection mode, to recover the combustion stability, 
switching from the area N4W3 in which combustion has 
been deteriorated toward a direction in which the com- 
pression stroke injection mode is set is effected. That 
is, in Fig. 7, a map area on the lower temperature side 
is switched from the compression stroke injection mode 
to the intake stroke injection mode. 
[0075] That is, as shown in the compression stroke 



injection mode region after the combustion stabilizing 
control in Fig. 8, the fuel injection control means 51 and 
the continuation time calculation means 52 change ar- 
eas ; in which the threshold value is exceeded, from the 
5 operation region of the compression stroke injection 
mode into the operation region of the intake stroke in- 
jection mode to switch the injection mode. In this way. 
since the injection mode is switched to the intake stroke 
injection mode only for the map areas in which combus- 
10 tion is deteriorated, it is possible to reduce fuel con- 
sumption, as in the case with the above described con- 
trol map between the engine load and rotational speed, 
compared to the case in which the injection mode is 
switched for all the operation regions. 
15 [0076] Next, the combustion stabilizing control by the 
compression stroke injection mode will be described. 
[0077] Figs. 9 to 11 relate to the fuel injection timing 
control means 53a and the ignition timing control means 
53b of the parameter trial operation means 53. 
20 [0078] Fig. 9 is a view to explain the concept of IT/ 
ADV control map which is part of the fuel injection pro- 
grams incorporated in the storage device in the ECU 36 
and is a control map for the control parameters: the fuel 
injection start timing (IT) and the ignition timing (ADV). 
25 [0079] In general, a setting point of IT and ADV is de- 
termined based on the result of verification tests by ex- 
perimental engines at operation representing point at 
which a plurality of patterns are considered depending 
on the engine operating conditions such as engine ro- 
30 tational speed, engine load, and injection mode. 

[0080] Fig. 9 shows stable combustion areas with en- 
hanced combustion quality in the map of IT and ADV : 
where an initial stabilized combustion area for an engine 
A is shown in a dotted line and an initial stabilized com- 
35 bustion area for another engine B in an alternate long 
and short dash line. It is appreciated that individual en- 
gines differ in both the extent and the position of stabi- 
lized combustion area even in the initial state. These dif- 
ferences occur because there are variations in amounts 
40 of injection of the fuel injection valves and in air delivery 
due to variation in assembly of the airflow generation 
valves in each of the plurality of cylinders in each indi- 
vidual engine even in early stages of engine operation. 
Therefore, the values of IT and ADV at an operation set- 
45 ting point M1 is preferably determined taking the com- 
bustion stability and the above described variation fac- 
tors into account. 

[0081] Also, for the engine A, a changed area of IT 
and ADV for stable combustion due to aging of the en- 
50 gine is shown in a solid line. Here, one factor causing 
the deterioration of combustion is possibly a state in 
which fuel spray is not properly vaporized because of 
the buildup of deposits around the injection opening of 
the fuel injection valve as described above. This is a 
55 phenomenon in which the spray pattern of the fuel spray 
changes causing the angle of the outer shape of the 
spray to expand, and thereby the penetration force of 
the spray is decreased causing the spray transfer speed 
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to be lowered. Forth is reason, thestabilized combustion 
region will be moved in a direction of advancing IT angle 
with respect to the initial position, and therefore com- 
bustion will be further deteriorated if operation is per- 
formed by the compression stroke injection mode at the 
initial operation setting point. Therefore, combustion 
stability is maintained by resetting the values of IT and 
ADV of the control parameters by means of the param- 
eter trial operation means 53 of the combustion stabiliz- 
ing means 40 as will be described below. 
[0082] Figs. 10 and 11 are views to show the resetting 
method of IT and ADV by the fuel injection timing control 
means 53a and the ignition timing control means 53b of 
the parameter trial operation means 53. 
[0083] Fig. 10 is the IT/ADV control map of the fuel 
injection timing. 

[0084] When combustion deterioration due to the de- 
cline of spray penetration power at a grid point M1 which 
has been initially set in a stable combustion region at an 
early period of engine operation is detected, the param- 
etertrial operation means 53 judges the combustion sta- 
bility at a new grid point by advancing the IT by a pre- 
determined angle with fuel injection timing control 
means 53a. When the degree of the combustion stability 
is not enough, the combustion stability is judged by next 
advancing the angle of ADV with the ignition timing con- 
trol means 53b. For example, as in the same manner 
that the combustion stabilized area reaches the area 58 
when the spray penetration power is weakened due to 
the buildup of deposits, a grid point M2 of IT and ADV 
at which combustion is stabilized is searched by alter- 
natively advancing the values of IT and ADV to deter- 
mine the stability of combustion at each grid point until 
combustion stability is recovered. 
[0085] When combustion deterioration due to diffu- 
sion of the spray at a grid point M1 which has been ini- 
tially set in a stable combustion region 57 at an early 
period of engine operation is detected, the combustion 
stability at a new grid point is determined by retarding 
the IT by a predetermined angle. And, if the degree of 
combustion stability is not sufficient at this point, com- 
bustion stability is determined by retarding ADV, and 
then, for example, as in the same manner as the com- 
bustion stabilized area reaches the area 59 when the 
fuel spray is diffused due to the changes in airflow, a 
grid point M3 of IT and ADV at which combustion is sta- 
bilized is searched by alternately retarding IT and ADV 
to determine the combustion stability at each grid point 
until combustion stability is recovered. 
[0086] Moreover, in the control map of Fig. 10, by ar- 
ranging the changing direction of IT and ADV substan- 
tially in parallel with a line of IT = ADV line 60 (line con- 
necting points at which IT and ADV have same crank- 
shaft angles), following advantages will be achieved. 
[0087] As shown in Fig. 1 0, it will be noticed that com- 
bustion stability area tends to distribute substantially in 
parallel with the line of IT=ADV 60 in the IT/ADV control 
map. This is why it takes sometime elapse in order that 



mixing of fuel spray and air progresses forming an ignit- 
able mixture before the fuel spray reaches the spark 
plug 9 since it is injected from the fuel injection valve 8. 
Therefore, in view of the fact that for same engine rota- 
5 tional speed and load, the formation time of an ignitable 
mixture will not change significantly, it will be possible 
to reach a grid point at which combustion is stabilized 
more quickly by changing the values of IT and ADV in 
the direction substantially in parallel with the line of IT = 
ADV. 

[0088] Also, consideringthatthe grid point M1 of initial 
setting is determined based on combustion stability and 
the rate of fuel consumption, etc., and therefore chang- 
ing the ADV may cause deterioration of fuel consump- 
tion rate, it will be possible to select a grid point at which 
combustion is stabilized while restricting the deteriora- 
tion of fuel consumption rate by changing IT and ADV 
in such a way that a change amount of ADV is smaller 
than a change amount of IT. 

[0089] In Fig. 11 , the direction in which IT and ADV 
are first changed, as described above, is explained. 
[0090] The direction in which IT and ADV are first 
changed is decided by determining whether a combus- 
tion stabilized area is in the IT advancing direction or in 
the IT retarding direction by measuring the level of fluc- 
tuation of rotation successively from initially set grid 
point M1 to its surrounding grid point. 
[0091] That is to say, as shown in the drawing, by per- 
forming operations of measuring the fluctuation level of 
rotation for each point ranging from the initial set point 
M1 to grid points of IT/ADV, A to F for a predetermined 
time period and then going back to the point M1 there- 
after, the average value of levels of the fluctuation of 
rotation at grid points A, B, C and the average value of 
levels of the fluctuation of rotation at grid points D, E, F 
are calculated respectively for comparison. Then, from 
this result, a direction of IT in which the fluctuation level 
of rotation decreases is determined to make it the direc- 
tion in which IT is first changed. 

[0092] When a grid point at which fluctuation level of 
rotation is not larger than a threshold vale is included in 
the six grid points A to F, the grid point with the lowest 
fluctuation level of rotation may be immediately chosen 
as the setting point. The interval of the grid points to be 
used for determination of fluctuation level of rotation 
may be set to each of the minimum units of IT and ADV, 
or the interval of grid points may be preset for the above 
described determination operation. 
[0093] Next, Figs. 12 and 13 relate to the fuel pressure 
control means 53c of the parameter trial operation 
means 53. 

[0094] The fuel pressure control means 53c changes 
throw range of the fuel spray by changing the fuel pres- 
sure to be provided to the fuel injection valve 8. In Fig. 
1 2, the throw range PLo of the spray 61 with a relatively 
low fuel pressure is different from the throw range PHi 
of the spray 62 with a higher fuel pressure, and a higher 
fuel pressure produces a higher travel speed of fuel 
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spray. Moreover, when the fuel is mixed with air as the 
fuel spray travels, a fuel spray 62 with a higher fuel pres- 
sure has a larger travel range in a given time and there- 
fore is more easy to be mixed. Therefore it is possible 
to change the arrival time of an ignitable mixture to the 
sparkplug 9 by increasing/decreasing the fuel pressure 
to improve the combustion quality. 
[0095] Fig. 13 is an operational timing chart of thefuel 
pressure control means 53c showing the operation from 
the moment when the injection mode is switched from 
the intake stroke injection mode to the compression 
stroke injection modetillthe moment of recovery of com- 
bustion stability. 

[0096] First, upon switching the injection mode, since 
a fluctuation of rotation caused by response delay of an 
amount of air supply occurs, measurements are exclud- 
ed from the values for the rotational fluctuation determi- 
nation until a predetermined time Td elapses immedi- 
ately after the switching to prevent erroneous determi- 
nation. 

[0097] After a predetermined time Td elapses, when 
a determination is made that the fluctuation of rotation 
has exceeded a predetermined threshold, fuel pressure 
is raised from P1 to P2 by a predetermined amount. 
Thereafter, when recovery of combustion stability is still 
not sufficient, this operation is repeated in a similar man- 
ner as further raising the fuel pressure from P2 to P3, 
and when the fluctuation of rotation level is equal to or 
lower than a post change determination value which is 
lowerthan the threshold, the recovery control by thefuel 
pressure control means 53c is terminated. 
[0098] Also, by providing the above described post- 
change determination value, even when variation of the 
fluctuation level of rotation occurs, it is possible to pre- 
vent erroneous determination due to the variation, thus 
preventing the fuel pressure control means 53c from be- 
ing reactivated. 

[0099] The fuel pressure control means 53c is config- 
ured to operate in an increasing direction of the fuel 
pressure, but when the maximum fuel pressure of the 
fuel system is limited by the pressure limit of the high- 
pressure pump 12, the direction may be changed to the 
decreasing direction. In this case, the lowered fuel pres- 
sure increases the injection period of the fuel injection 
valve 8 and thereforethe supply time of the mixture mov- 
ing toward the spark plug 9 thereby increasing the ignit- 
able period. 

[0100] Figs. 14 to 17 relate to the split injection control 
means 53d of the parameter trial operation means 53. 
[0101] The split injection control means 53d refers to 
share ratio of injection amount, injection timing, injection 
interval, and the like between a first and a second injec- 
tions which are injected into the cylinder 1 ,frorn a control 
map or a control table depending on the pressure in the 
intake manifold detected by the pressure sensor 28 and 
the fuel pressure detected by the fuel pressure sensor 
11. 

[0102] While operating in the compression stroke in- 



jection mode, voltage-drop detection means (not 
shown) continuously monitors voltage fluctuations of the 
power supply and continues split injection control to per- 
mit a second injection only when a determination is 

5 made that a second injection can be performed without 
a problem. In this way, by controlling the injection ac- 
cording to the engine conditions, stable operation of the 
compression stroke injection mode can be performed. 
[0103] Next, the method of recovering the combustion 

10 stability by controlling air/fuel mixing through the split 
injection control means 53d which is one aspect of the 
above described mixing acceleration means of air and 
fuel. 

[0104] Figs. 14 and 15 are schematic diagrams to 

15 show the spray condition during compression stroke. 
[0105] Fig. 14 shows a spray condition just after in- 
jection which has been performed during compression 
stroke in a single injection, wherein just after the injec- 
tion, a fuel over-rich portion 63 is formed wherein the 

20 fuel distribution in the central part of the spray is exces- 
sively dense, but as the spray moves into the cylinder 
1, mixing with air proceeds from the spray peripheral 
part 64 by the airflow in the cylinder 1 and the tumble 
flow preserved until the time of the compression stroke. 

25 [0106] Fig. 15 shows a spray condition just before ig- 
nition in which the piston has further moved up, and an 
ignitable mixture is distributed around the spark plug 9. 
but there still remains some fuel over-rich portion 63 in 
which mixing is not sufficient. If the mixture is ignited in 

30 this state, the fuel in the fuel over-rich part 63 will not 
burn completely thereby causing combustion deteriora- 
tion due to the smoked-covered spark plug 9. Also, in a 
supercharged direct injection engine such as the 
present invention, since the in-cylinder pressure during 

35 compression stroke is higher than that of a natural as- 
piration engine, a shrink ratio of outer shape of the spray 
becomes large. For this reason, since there is tendency 
to form fuel over-rich portion 63, it is important to pro- 
mote the mixing of fuel with air to perform the compres- 

40 sion stroke injection mode operation under supercharg- 
ing. 

[0107] Figs. 16 and 17 show a split injection by use of 
the split injection control means 53d ; in which two injec- 
tions are performed using a deflection spray injection 
45 valve with a cone-type spray during compression stroke. 
Fig. 6 shows a spray condition just after the second in- 
jection is over. 

[0108] As shown in Fig. 1 6, following a fuel spray 64 
of the first injection, a fuel spray 66 of the second injec- 

50 tion is injected successively. It will be noticed that split 
injection causes surface areas of the spray peripheral 
parts 64, 66 to increase compared to the case of single 
injection as described above. By this configuration, mix- 
ing of fuel and air in the fuel over-rich portions 63, 65 

55 will be promoted. 

[0109] Fig. 17 shows a state just before ignition in 
which the piston has moved up further. In this moment, 
mixing of air and fuel in the spray peripheral part 64 pro- 
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ceeds as the fuel spray moves, and it will be noted that 
an ignitable fuel distribution exists around the spark plug 
9. 

[0110] That is, in the first injection, spray travel speed 
is reduced as the mixing of the spray proceeds, and in 
the second injection which is injected later, since the 
spray travels through the cylinder 1 in which pressure is 
raised as the piston 2 moves up, an overlap area 67 in 
which the mixture distribution of the first injection over- 
laps with the mixture distribution of the second injection 
around the spark plug 9 is formed, thereby prolonging 
the ignitable period of the ignition timing, and thus it is 
possible to advance the timing compared to the above 
described case of a single injection. By this arrange- 
ment, since sufficient combustion time is preserved, it 
produces the effect of reducing the smoke and moreo- 
ver reducing the HC emission ratio. 
[0111] It is also possible to change air/fuel ratio 
around the spark plug 9 by increasing/decreasing the 
injection interval between the first and second injec- 
tions. That is, extending the injection interval will reduce 
the overlap area of fuel sprays around the spark plug 9, 
thereby making air/fuel ratio lean at the moment of igni- 
tion. 

[0112] As so far described, the split injection control 
means 53d can prevent the spark plug 9 from being 
smoke-covered by increasing/decreasing the number of 
injections by the split injection so as to promote the mix- 
ing of air and fuel, thereby recovering the combustion 
stability. 

[0113] Next, referring to Fig. 1 8, the recovery of com- 
bustion stability performed in combination by the fuel in- 
jection timing control means 53a, the ignition timing con- 
trol means 53b, and the split injection control means 53d 
of the parameter trial operation means 53 will be de- 
scribed. 

[01 14] A pattern A shows the recovery of combustion 
stability performed in combination by the fuel injection 
timing control means 53a and the ignition timing control 
means 53b, in which stable combustion is performed by 
advancing or retarding IT and ADV respectively depend- 
ing on the combustion state in usual compression stroke 
injection mode operation. 

[0115] A pattern B also shows recovery of combustion 
stability performed in combination by the fuel injection 
timing control means 53a and the ignition timing control 
means 53b, in which ignition is performed twice for a 
single injection thereby extending an ignitable period at 
the spark plug 9. 

[0116] A pattern C also shows recovery of combustion 
stability performed in combination by the fuel injection 
timing control means 53a and the ignition timing control 
means 53b, in which a second ignition is performed dur- 
ing exhaust stroke in contrast to the pattern B. This sec- 
ond ignition is intended to prevent spark plug pollutions 
such as smoke-covering of spark plug 9 caused by the 
ignition of an excessively dense mixture and spark plug 
wetting caused by droplets which have reached the 



spark plug 9 due to the changes in the spray pattern. 
[01 17] A pattern D shows recovery of combustion sta- 
bility performed in combination by the ignition timing 
control means 53b and the split injection control means 
5 53d, in which split injections are performed during com- 
pression stroke injection. 

[0118] A pattern E also shows recovery of combustion 
stability performed in combination by the ignition timing 
control means 53b and the split injection control means 

10 53d, in which a second ignition is performed in the ex- 
haust stroke in contrast to the pattern D. 
[0119] These patterns are intended to promote the 
mixing of fuel spray and air by means of the fuel injection 
control means 53a and the split injection control means 

15 53d, and further to achieve self-cleaning of the spark 
plug 9 by means of the ignition timing control means 
53b. As described so far, it is possible to achieve early 
recovery of combustion stability by combining each con- 
trol means. 

20 [01 20] Next, Figs. 1 9 and 20 relate to the airflow con- 
trol means 53e of the parameter trial operation means 
53. 

[0121] Fig. 19 shows a state during intake stroke of 
an engine having TCV 41 in the intake port 4. 

25 [0122] In the intake port 4, there is provided a partition 
plate 43 which divides the interior of the port into two 
sections: a second section or upper port 4a and a first 
section or lower port 4b. In the intake pipe 26 facing the 
intake port 4, there is arranged a valve open/close 

30 mechanism 42 driven by a motor or a diaphragm actu- 
ator, and TCV 41 is supported by the shaft 42a of the 
valve open/close mechanism so as to rotate synchro- 
nously. And, TCV 41 can change the opening area of 
the divided lower port 4b thereby increasing/decreasing 

35 the strength of airflow generated in the intake stroke. As 
shown in the drawing, by closing the lower port 4b to 
increase the air passage through the upper port 4a, it is 
possible to generate a forward direction tumble flow 68 
moving from the intake valve 6 to the exhaust valve 7 in 

40 the cylinder 1 . 

[0123] Fig. 20 shows a state of the compression 
stroke of the same engine. 

[0124] The forward direction tumble flow 68 which is 
preserved till the compression stroke moves from a pis- 
45 ton crown surface 2a to the spark plug 9 again passing 
near the intake valve 4. Therefore, the fuel spray 64 
moves toward the spark plug 9 from a side of the intake 
valve 4. 

[0125] Thus, by increasing the strength of the airflow 
50 through the valve open/close mechanism 42 and TCV 
41, the airflow control means 53e can enhance the 
progress of mixing of fuel and air from the peripheral 
part of the spray by the preserved tumble flow 68 even 
when an over-rich fuel part exist near the center of the 
55 fuel spray, and it is possible to ignite the mixture with a 
suitable air/fuel ratio since it is pushed up toward the 
spark plug 9. 

[0126] Next, Figs. 21 to 25 relate to combination of 
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the EGR control means 53g and the variable valve con- 
trol means 53f of the parameter trial operation means 
53. 

[0127] The EG R control means 53g relates to an outer 
EGR mechanism for introducing burnt gas to the intake 
port 4 from other pipe path 69. The other hand, the var- 
iable valve control means 53f relates to an inner EGR 
mechanism for introducing burnt gas into the cylinder 1 
by increasing/decreasing the valve overlap amount of 
the intake/exhaust valves. 

[0128] As shown in Fig. 21, an introduction mecha- 
nism of outer EGR gas takes out burnt gas from the ex- 
haust manifold 29 and consists of at least one EGR 
pumping outlet 71 , an EGR piping 69 in communication 
with the EGR pumping outlet 71 , an EGR control valve 
72 for controlling an amount of the EGR gas into the 
intake port 4, and an EGR inlet 73 for introducing the 
outer EGR gas delivered to a lower port 4b in each cyl- 
inder 1 through the EGR control valve 72, and the open- 
ing of the EGR control valve 72 is controlled by the EGR 
control means 53g. 

[0129] Although the variable valve control means 53f 
is not shown in Fig. 21 . it is provided with the variable 
valve mechanisms 44 to 47 for driving the intake valve 
6 and the exhaust valve 7 respectively as shown in Fig. 
2. 

[0130] Fig. 21 shows a state of the exhaust stroke in 
the compression stroke injection mode operation. 
[0131] In this state, since TCV 41 is closed by the 
valve open/close mechanism 42 provided in the intake 
pipe 26, the outer EGR gas 74 is introduced into the low- 
er port 4b from the EGR inlet 73. 
[0132] Fig. 22 shows a state of just before a top dead 
center, at which a further time has elapsed from the state 
shown in Fig. 21 . 

[0133] In this state, the variable valve control means 
53f retards the closing timing of the exhaust valve 7 and, 
in addition, advances the opening timing of the intake 
valve 6 thus increasing the region, so called a valve 
overlap, in which operation crank angle periods of the 
intake and exhaust valves 6, 7 are overlapped. And. the 
inner EGR gas 75 which is part of the burnt gas is redi- 
rected to the combustion chamber 3 from the exhaust 
manifold 29 while flowing into the intake port 4. 
[0134] Here, the intake port 4 is divided into the upper 
port 4a and the lower port 4b by the partition plate 43, 
and in this configuration, since TCV 41 is fully closed or 
in the closing side, the airflow is reduced thereby caus- 
ing more inner EGR gas 75 to flow into the upper port 4a. 
[0135] Fig. 23 shows a state at which the piston 2 
moves downward during intake stroke. 
[0136] In the intake stroke injection mode, TCV 41 is 
kept closed as described abovethereby closing the low- 
er port 4b, and therefore the intake air starts flowing into 
the combustion chamber 3 through the upper port 4a. 
And the inner EGR gas 75 which has been introduced 
into the upper port 4a earlier is first introduced into the 
combustion chamber 3 joining the stream of the intake 



air, and successively the intake air flows into the cham- 
ber thus generating a strong tumble flow 68 in the cyl- 
inder 1 . Also the EGR gas 76 introduced into the lower 
port 4b is taken into the cylinder 1 by the downward flow 
5 by the piston 2 thereby being directed to the intake valve 
side of the piston crown surface 2a along the inner wall 
surface of the cylinder 1 . 

[0137] In this situation, since introducing the outer 
EGR gas into the cylinder 1 will reduce the flame prop- 
agation speed thereby mitigating the progress of the 
combustion, it is possible to reduce the Nox emission. 
However, excessively increasing an amount of the outer 
EGR gas introduction will cause deterioration of com- 
bustion. 

[0138] The other hand, the inner EGR gas is an inert 
gas as well, but since it is introduced into the cylinder 1 
directly from the exhaust port 5, it has a higher gaseous 
temperature than that of the outer EGR gas, and there- 
fore there is an effect in facilitating the vaporization of 
the over-rich part in the center of the fuel spray. 
[0139] Therefore, the EGR control means 53g and the 
variable valve control means 53f prevent deterioration 
of the combustion by focusing on the mixing of air and 
fuel and by changing the ratio of amounts of introducing 
two EGR gases on the basis of the fact that an amount 
of the outer EGR gas introduced from the exhaust man- 
ifold 29 affects the combustion stability. Here, an inner 
EGR is to introduce burnt gases into the cylinder 1 ex- 
ploiting the valve overlap between the intake and ex- 
haust valves 6, 7 and an outer EGR is to introduce burnt 
gas into the intake port 4 through the piping 69 from the 
exhaust manifold 29. That is, when deterioration of the 
combustion is detected from the fact that the fluctuation 
of rotation exceeds a threshold, it is possible to recover 
the combustion stability by reducing the amount of the 
outer EGR gas with the EGR control means 53g. More- 
over, by increasing the amount of the inner EGR gas by 
driving the variable valve mechanism 42 by the variable 
valve control means 53f in addition to the reduction of 
the amount of the outer EGR gas, it is possible to en- 
hance the vaporization of the fuel spray and increase 
the selection range of ignitable ADV, and therefore the 
combustion stability can be recovered ever faster. 
[0140] Fig. 24 shows a state just before an ignition 
during compression stroke. 

[0141] The fuel spray, which is injected slightly earlier 
than the above state at a crankshaft angle of 60 degrees 
before the compressive top dead center (TDC), is mixed 
with the intake air promoted by the stream of the tumble 
flow 68 preserved till the compression stroke and rise of 
temperature in the cylinder 1 due to the inner EGR gas 
75 introduced into the cylinder 1 , thereby forming an ig- 
nitable air/fuel mixture 64. 

[01 42] Since the outer EGR gas 76 taken into the cyl- 
inder 1 during intake stroke, is distributed densely on an 
intake valve side of the crown surface of the piston 2a 
as the piston 2 moves upward during compression 
stroke, and the inner EGR gas 75 and the outer EGR 
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gas 76 are distributed on a piston side, the distribution 
of the air/fuel mixture will be concentrated in a relative 
small area around the spark plug 9. 
[0143] Therefore, the air/fuel mixture becomes an in- 
separable condition and thus the selection period of 
ADV is increased thereby enabling the selection of ADV 
for stable combustion. 

[0144] Fig. 25 is a valve timing chart in the case of 
introducing the inner EGR gas into the cylinder 1 . 
[0145] In an operation state in which the inner EGR 
gas, which is a burnt gas, is not positively introduced 
into the cylinder 1 , closing timing of the exhaust valve 7 
is denoted by 77, and opening timing of the intake valve 
6 is denoted by 78. 

[0146] On one hand, when the combustion is deteri- 
orated due to deposit of droplets, since it is necessary 
to introduce the inner EGR gas into the cylinder 1 to re- 
cover the combustion stability, the valve overlap is in- 
creased by retarding the closing timing of the exhaust 
valve 7 to 77a and advancing the opening timing of the 
intake valve 6 to 78a. 

[0147] In the present embodiment, although both the 
timings of the exhaust valve 7 and the intake valve 6 are 
changed, either of them may be changed separately. 
Thus, the EGR control means 53g and the variable valve 
control means 53f are effective in recovering the com- 
bustion stability even when they are operated separate- 
ly. Also, they may be performed in combination with oth- 
er control parameters. 

[0148] Next, the supercharging control means 53h of 
the parameter trial operation means 53 will be described 
referring to Fig. 2. 

[0149] As shown in Fig. 2, the configuration of the ex- 
haust system is such that the exhaust manifold 29 is 
connected to the exhaust pipe 31 through the turbine 30 
of the turbocharger which is a supercharger, and is also 
connected to the exhaust pipe 31 via the bypass valve 
32. 

[0150] As described so far, in a supercharged direct 
injection engine, the in-cylinder pressure rises higher 
during compression stroke compared to the case of a 
natural aspiration engine. The high in-cylinder pressure 
makes the fuel spray tend to shrink, which is disadvan- 
tageous in facilitating the vaporization of the center por- 
tion of the fuel spray. For this reason, during operating 
with a high degree of supercharging, because insuffi- 
ciently vaporized mixed fuel spray passes through the 
spark plug, the frequency of misfire will increase due to 
the wetting of the spark plug. 

[0151] Accordingly, when the fluctuation of rotation 
exceeds a predetermined threshold and thereby deteri- 
oration of combustion in a high pressure supercharged 
operation is detected, the supercharge pressure control 
means 53h drives the bypass valve 32 thereby decreas- 
ing the exhaust gas passing through the turbine 30 so 
as to control the supercharging pressure of the super- 
charger not to exceed or to decrease to a predetermined 
value. 



[0152] Regarding a supercharged direct injection en- 
gine, any method to enhance the vaporization ofthefuel 
spray in the pressurized cylinder 1 by limiting the super- 
charging pressure when deterioration of combustion is 

5 detected, can be combined with the above described 
method of changing the control parameters. When the 
combustion stability is recovered, the supercharging 
pressure is regained by closing the bypass valves 32. 
[0153] When performing catalyst early activation con- 

10 trol to achieve early activation of the catalytic converter 
33, a warming-up operation stabilized by the combus- 
tion stabilizing control by the combustion stabilizing 
means 40 may be continued. 

[0154] Thus, in the catalyst early activation control, 
15 the injection mode is set to the intake stroke injection 
mode during the cranking at cold stating, and switched 
to the compression stroke injection mode after complete 
combustion. Then, the ignition is performed by setting 
the ADV to the compression top dead center (TDC) as 
20 close as possible within a range in which combustion 
stability is maintained. Moreover, the variable valve con- 
trol mechanism is driven to advance the timing of open- 
ing the exhaust valve 7 by a maximum amount within 
the limit of control. 
25 [0155] Since an amount of the unburnedfuel (HC) has 
been increased in the inner EGR gas as described so 
far, performing second ignition during exhaust stroke 
causes an after burning by flame propagation from the 
combustion chamber 3 for a short period of time in the 
30 exhaust manifold 29 thus making it possible to raise the 
temperature of the exhaust gas. 

[0156] Also upon cold starting, the target amount of 
the fuel injection is incrementally modified to the idling 
state after the warming-up by the fuel injection program 
35 as in the case of conventional engines, and the incre- 
mental modification is terminated under sufficiently 
warmed-up state and at the completion of the catalyst 
early activation control. 

[0157] Therefore, by performing the combustion sta- 
40 bilizing control upon cold starting and by using the var- 
iable valve control means 53f and the ignition timing 
control means 53b, it is possible to achieve early acti- 
vation of the catalytic converter 33 while maintaining the 
combustion stability. 
45 [0158] Moreover, when performing the early catalyst 
activation control, the exhaust gas may be flown into the 
exhaust pipe 31 bypassing the turbine 30 by opening 
the bypass valve 32. Thereby, it is possible to reduce 
thermal energy absorbed in the turbine 30 and increase 
50 thermal energy supplied to the catalytic converter 33. 
Also, the above described catalyst early activation con- 
trol is terminated when the temperature measured by 
the exhaust temperature sensor 35 provided in the ex- 
haust pipe 31 exceeds a predetermined value so as to 
55 prevent thermal degradation of the catalytic converter 
33 due to an excessive temperature rise. Furthermore, 
the catalyst early activation control may be terminated 
when a predetermined time elapses from a cold start 
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without providing the exhaust temperature sensor. 
[0159] Next, Figs. 26 and 27 relate to the transmission 
cooperative control means 79 of the combustion stabi- 
lizing means 40. 

[0160] Fig. 26 shows a communication control system 
between the ECU 36 and the ATCU 37. 
[0161] As described above, the ECU 36 comprises 
the transmission cooperative control means 79 and ac- 
quires the information to be used for cooperative control 
of the engine with the ATM 48 as output signals from 
various sensors such as the rotational speed sensor 20, 
the throttle sensor 27, and the vehicle speed sensor 38. 
[0162] On one hand, the ACTU 37 comprises lock-up 
release determination means 37a and lock-up clutch 
control means 37b, and performing an optimal shift con- 
trol according to the engine conditions by always com- 
municating with the ECU 36 mutually. 
[0163] In the transmission cooperative control means 
79, when fluctuation of rotation which relates to com- 
bustion stability exceeds a threshold and thus deterio- 
ration of combustion of the engine is detected, the ECU 
36 outputs a control signal to ATCU 37 to drive power 
transmission mechanisms such as ATM hydraulic con- 
trol valve 80 so that the ATM 48 controls the lockup 
clutch 81. Specifically, when the fluctuation of rotation 
exceeds a threshold, the lock-up of ATM 48 is released, 
and when the fluctuation of rotation becomes low than 
a predetermined threshold afterthe release of the above 
described lock-up at a substantially same rotational 
speed of the engine relating to the acceleration/decel- 
eration at the timing of the release of the lock-up, the 
above described lock-up is performed again. 
[0164] Fig. 27 is an operational flow chart of the trans- 
mission cooperative control means 79. 
[0165] In step 23, a determination is made as to 
whether or not the injection mode is the compression 
stroke injection mode. In step 24, the level of fluctuation 
of rotation is calculated. In step 25, the level of fluctua- 
tion of rotation is compared with a predetermined 
threshold by the rotational fluctuation determination 
means 49. 

[0166] In step 26, whether of not the combustion sta- 
bilizing control has been conducted up to the present is 
determined with reference to storage content of the op- 
erational mode history storage means 54. When the 
combustion stabilizing control has been executed, 
namely, when the answer is 'YES.' the process pro- 
ceeds to step 27. The other hand, when the combustion 
stabilizing control has not been executed, the process 
exits the routine. 

[0167] In step 27, whether or not the ATM 37 is in a 
lock-up state is determined by the transmission cooper- 
ative control means 79 and the process proceeds to step 
28. In step 28, the rotational speed of the engine at 
present is stored and the process proceeds to step 29. 
In step 29, the lock-up release signal is output to ATCU 
37, and the process proceeds to step 30. 
[0168] In step 30, a determination is made as to 



whether the engine rotational speed change ANe be- 
comes a set engine rotational speed change ANe and 
less which is a predetermined threshold. When the en- 
gine rotational speed change ANe is the set engine ro- 

5 tational speed change ANe and less, the process pro- 
ceeds to step 31 to output lock-up allowing signal to AT- 
CU 37. On the other hand, when the engine rotational 
speed change ANe exceeds the set engine rotational 
speed change ANe, the process exits the routine. 

10 [0169] Thus, when the combustion is deteriorated, the 
transmission of a torque change from the engine to the 
vehicle drive train is mitigated for the lock-up state by 
the automatic transmission mechanism. In other words, 
by backing up with the control of the automatic trans- 

15 mission, it is at least possible to improve the drive feel, 
even though it is impossibleto directly solve the problem 
of combustion deterioration. 

[0170] Moreover, although the above described set 
engine rotational speed change ANe in the present em- 

20 bodiment is set to about 500 r/min, it is not limited to this 
set rotational speed, but an optimal set engine rotational 
speed change ANe may be selected depending on the 
matching between the transmission and the engine. Al- 
so, the set engine rotational speed change ANe may be 

25 changed for each shift of the automatic transmission. 
[0171] As so far described, the above described em- 
bodiments of the present invention have following func- 
tions owing to the above described configuration. 
[0172] That is, the control apparatus 36 for a direct 

30 injection engine according to the present embodiments 
in which the injection by the fuel injection valve 8 is per- 
formed during intake stroke to achieve homogenous 
combustion , during compression stroke to ach ieve strat- 
ified combustion, and during exhaust stroke for raising 

35 the catalyst temperature, comprises combustion stabi- 
lizing means 40 for stabilizing the combustion in the cyl- 
inder 1 .Thecombustion stabilizing means 40 comprises 
next operation mode determination means. The next op- 
eration mode determination means can select either 

40 one of the following operational modes when a deterio- 
rated state of combustion in the operation mode of the 
compression stroke fuel injection is detected based on 
the fluctuation of rotation of the engine. One mode is for 
recovering the combustion stability by the intake stroke 

45 fuel injection mode by prohibiting the switching to the 
operation mode for recovering the combustion stability 
by the compression stroke fuel injection. 
The other mode is for recovering the combustion stabil- 
ity by changing various control parameters relating to 

50 the combustion in the compression fuel injection mode. 
Therefore, the operation mode is not switched to the fuel 
injection during intake stroke all the time as is the case 
with prior arts, and it is possible to set the operation 
range by the compression stroke fuel injection to a wider 

55 range compared to conventional methods thereby en- 
hancing the advantage of the direct injection engines. 
[0173] Moreover, with the above-described structure, 
the control apparatus 36 for a direct injection engine ac- 
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cording to the present embodiment is also capable of 
setting a priority in control such that after recovering the 
combustion stability in the intake stroke injection mode 
within a limited time prior to the compression stroke in- 
jection mode, the control parameters are changed in the 
compression stroke injection mode. Therefore, it is pos- 
sible to achieve a rapid combustion stability and en- 
hance the reliability of the engine without repeating un- 
necessary recovering operations of the combustion sta- 
bility. 

[0174] Furthermore, in comparison with the case in 
which combustion stability is recovered only by chang- 
ing control parameters in the compression stroke injec- 
tion mode, it is possible to appropriately cope with the 
deterioration of combustion due to the buildup of depos- 
its in early stages, and in comparison with the case in 
which the recovering of combustion stability is per- 
formed only by the intake stroke injection mode, it is pos- 
sible to cope with the deterioration of drive feel due to 
torque steps. 

[0175] So far one embodiment of the present inven- 
tion has been described in detail, but the present inven- 
tion will not be limited to the above described embodi- 
ment and various variations in design can be made with- 
out departing from the scope described in appended 
claims. 

[0176] For example, in the above described embodi- 
ment, the combustion stabilizing means 40 is configured 
to recover the combustion stability by the compression 
stroke injection mode after the intake stroke injection 
mode as shown in Fig. 4. However, the combustion sta- 
bilizing means is not limited to this configuration. The 
configuration may be such that, as far as the next oper- 
ation mode determination means 50 can select any 
mode, recovery by the compression stroke injection 
mode is performed together with the intake stroke injec- 
tion mode, or recovery of combustion stability by the 
compression stroke injection mode is performed inde- 
pendent of the intake stroke injection mode. In all these 
cases, the advantages described above will be equally 
achieved. For example, each control parameter such as 
fuel pressure, exhaust gas recirculation amount, airflow 
generation valve opening degree, valve overlap be- 
tween the intake/exhaust valves, the number of fuel in- 
jection is chosen to accelerate the mixing of air and fuel 
by making the control parameters affecting the mixing 
of air and fuel variable to recover the combustion stabil- 
ity. However, these parameters are relatively low sensi- 
tivity against the combustion stability, and therefore, it 
is possible to continue the intake stroke injection mode 
for a predetermined time period while changing the pa- 
rameters. 

[0177] On the other hand, each control parameter of 
the above described fuel injection timing, target injection 
amount, and ignition timing has higher sensitivity in af- 
fecting the combustion stability, and therefore the intake 
stroke injection mode will not be performed, but only the 
change of the above parameters will be performed. 



[0178] Moreover, in the transmission cooperative 
control means 79, the determination is made, as in step 
30, based on the change width of the rotational speed 
ANe, but other than this examples, the determination 
5 may be based on the variation of the vehicle speed or 
the throttle opening. 

[0179] As will be understood from the above descrip- 
tion, the control apparatus for direct injection engine ac- 
cording to the present invention is capable of preventing 

10 the deterioration of combustion during compression 
stoke of the engine, enhancing the drive feel, and sub- 
stantially improving the fuel consumption rate through 
the expansion of operating range by the compression 
stroke fuel injection. 

15 [0180] It should be further understood by those skilled 
in the art that although the foregoing description has 
been made on embodiments of the invention, the inven- 
tion is not limited thereto and various changes and mod- 
ifications may be made without departing from the spirit 

20 of the invention and the scope of the appended claims. 



Claims 

25 1. A control apparatus for a direct injection engine hav- 
ing an intake valve (6), an exhaust valve (7) and a 
fuel injection valve (8) for injecting fuel directly into 
a cylinder (1 ) of the engine and in which fuel injec- 
tion by said fuel injection valve (8) is performed dur- 
30 ing intake stroke or during compression stroke of 
the engine, 

wherein said control apparatus (36) compris- 
es combustion stabilizing means (40) for stabilizing 
combustion in said cylinder (1). said combustion 
35 stabilizing means (40) comprising next operation 
mode determination means (50) for selecting either 
an operation mode of recovering the combustion 
stability by fuel injection during intake stroke or an 
operation mode of recovering the combustion sta- 
40 bility by fuel injection during compression stroke 
when a deteriorated state of combustion is detected 
in fuel injection during compression stroke. 

2. The control apparatus for a direct injection engine 
45 according to claim 1 , wherein said combustion sta- 
bilizing means (40) includes intake stroke injection 
continuation means (52) for continuing the fuel in- 
jection during intake stroke for a predetermined 
time period when recovering the combustion stabil- 

50 ity by the fuel injection during intake stroke. 

3. The control apparatus for a direct injection engine 
according to claim 1 or 2, wherein said combustion 
stabilizing means (40) includes control parameter 

55 change means (53) for changing control parame- 
ters relating to combustion when recovering the 
combustion stability by fuel injection during com- 
pression stroke. 
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4. The control apparatus for a direct injection engine 
according to claim 3, wherein said control parame- 
ter comprises at least one of fuel pressure, a recir- 
culation amount of an exhaust gas, an opening de- 
gree of an airflow generation valve, valve overlaps 
between the intake/exhaust valves (6, 7), and 
number of fuel injections. 

5. The control apparatus for a direct injection engine 
according to any one of claims 1-4, wherein said 
next operation mode determination means (50) se- 
lects an operation mode for recovering the combus- 
tion stability by fuel injection during intake stroke de- 
pending on frequency of detection of deteriorated 
states of combustion in fuel injection during com- 
pression stroke or operation requirements of said 
engine. 

6. The control apparatus for a direct injection engine 
according to any one of claims 1-5, wherein said 
next operation mode determination means (50) pro- 
hibits switching to an operation mode for recovering 
the combustion stability by fuel injection during 
compression stroke when recovering the combus- 
tion stability by fuel injection during intake stroke, 
and selects an operation mode of recovering the 
combustion stability by fuel injection during com- 
pression stroke when continuation of the operation 
mode of recovering combustion stability by fuel in- 
jection during intake stroke is performed a prede- 
termined number of times. 

7. The control apparatus for a direct injection engine 
according to claim 6, wherein said combustion sta- 
bilizing control means (40) comprises control pa- 
rameter change means (53) for changing control 
parameters relating to combustion when recovering 
combustion stability by fuel injection during com- 
pression stroke, and said control parameters com- 
prise at least one of fuel injection timing of said fuel 
injection valve (8), a target amount of fuel injection, 
and ignition timing. 

8. The control apparatus for a direct injection engine 
according to claim 7, wherein the control parame- 
ters of said fuel injection timing and said ignition tim- 
ing are alternately changed. 

9. The control apparatus for a direct injection engine 
according to claim 8, wherein the control parame- 
ters of said fuel injection timing and said ignition tim- 
ing are changed either in advancing direction or in 
retarding direction at each of said fuel injection tim- 
ing and said ignition timing so that said fuel injection 
timing and said ignition timing make substantially 
same variation of a crankshaft angle with respect to 
a reference crankshaft angle, in which said fuel in- 
jection timing and said ignition timing make same 



crankshaft angle. 

10. The control apparatus for a direct injection engine 
according to any one of claims 3-4 and 7-9, wherein 

5 said combustion stabilizing means (40) includes 
control parameter reset means (55) for, when a de- 
teriorated state of combustion during fuel injection 
of compression stroke is improved, resetting said 
control parameters to values at the time of improve- 

10 ment and storing said reset values until next dete- 
riorated state of combustion in fuel injection during 
compression stroke is detected. 

11. The control apparatus for a direct injection engine 
15 according to any one of claims 1-10, wherein said 

combustion stabilizing means (40) includes rota- 
tional fluctuation determination means (49) for de- 
termining combustion state on basis of fluctuation 
of rotation of said engine. 

20 

12. The control apparatus for a direct injection engine 
according to any one of claims 1-11, wherein said 
control apparatus (36) has an operation region of 
fuel injection during compression stroke as a control 

25 map based on the rotational speed and load of said 
engine, or as a control map based on the rotational 
speed and water temperature of said engine, and 
said combustion stabilizing means (40) changes a 
region of said control map, in which said threshold 

30 is surpassed, from an operation region by fuel in- 
jection during compression stroke to an operation 
region by fuel injection during intake stroke when 
the fluctuation of rotation of said engine exceeds a 
predetermined threshold. 

35 

13. The control apparatus for a direct injection engine 
according to any one of claims 1-12, wherein said 
engine includes a supercharger (30) and said com- 
bustion stabilizing means (40) prevents super- 

40 charge pressure of said supercharger (30) from ex- 
ceeding a predetermined value or decrease the su- 
percharge pressure of said supercharger (30) when 
the fluctuation of rotation of said engine exceeds a 
predetermined threshold. 

45 

14. The control apparatus for a direct injection engine 
according to any one of claims 1-13, wherein said 
engine includes an inner EGR mechanism for intro- 
ducing burnt gas into said cylinder (1) by changing 

50 the overlap amount of the intake and exhaust valves 
(6, 7) and an outer EGR mechanism for introducing 
the burnt gas into an intake port (4) from other piping 
passage, and said combustion stabilizing means 
decreases said outer EGR amount and/or increas- 
es es said inner EGR amount when the fluctuation of 
rotation of said engine exceeds a predetermined 
threshold. 
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15. The control apparatus for a direct injection engine 
according to any one of claims 1 -14, wherein said 
engine is combined with an automatic transmission 
(48), and said combustion stabilizing means (40) in- 
cludes transmission cooperative control means 5 
(79) for releasing lock-up of said transmission (48) 
when the fluctuation of rotation of said engine ex- 
ceeds a predetermined threshold, and effecting the 
lock-up again when the fluctuation of rotation of said 
engine becomes lower than the predetermined 10 
threshold in a substantially equal rotational speed 
range to that of the moment of releasing the lock- 
up after the release of the lock-up. 

15 
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